Introduction
Computerization of measuring instruments (MIs) has opened new possibilities for the users. However, it has also caused a number of new problems for metrology. Some of them are related to the extension of the scope of measurements: -outside the traditional measurement limits of physical quantity values, e.g. to the nanometric range; -to the field of quickly changing multiparametric quantities; -to the fields of measurements in a wide sense, i.e. psychology, aesthetics, economics, etc. [1] .
The other problems are related to measurement assurance of the MIs at the stage of development, production and operation. The traditional methods for solving the similar problems under new conditions have proved to be inefficient. These problems are the most urgent today and they are discussed in this paper.
The Problems of Measurement Assurance of Computerized MIs
The characteristic feature of the development of the equipment used in industry, transport and other spheres consists in the number of sensors being increased annually in new products (approximately by 10 %). These sensors allow developing ever more perfect automatic control systems assuring lesser labor expenditures in operation. Larger expenses for regular (annual, in recent times) verifications and calibrations of the MIs could be expected.
Nevertheless, the expenses do not grow so fast because the metrological serviceability is checked less often. However, no qualitative changes in the measurement assurance of the MIs have taken place. The situation is worsened by the fact that at present the automatized technological systems have been developed, which are not required to undergo periodic maintenance for many years.
As a result, the economical losses due to spoilage in production and break-downs are more often caused by non-detected metrological defects, the metrological serviceability being ascertained only during the next verification or calibration procedures. The metrological fault can be revealed with a great delay with respect to the moment the fault arose. (Accordingly, inadequate measurement information was entering the control system during some period of time.)
Nowadays, the development of computerized MIs with stable characteristics for operating with a calibration interval (CI) of ten and more years has become an urgent task. The traditional methods of CI substantiation for long-term intervals do not ensure the required level of confidence and are not cost-beneficial. The development of MIs having the required reliability sets the task of improving the relevant quality management system for the measurement assurance of development and production processes.
It has to stipulate for criteria, methods and new measurement procedures for additional control of the technological process including a number of tests.
These procedures should provide for checking the stability of the technological process and metrological characteristics. The technological process stability must be sufficient to maintain the differences in the rate of rise of the instrument uncertainty component of individual MIs within the allowable limits. The stability of metrological characteristics of the instruments produced according to this technology must be sufficient to provide for the CI of the required duration. The tests should continue maximum one or two months, and the number of instruments to be tested should not exceed five or seven ones.
VNIIM has been developing such new measurement procedures at present [2] . We understand that experimental checking of the correspondence of the MI stability to the CI is characterized by a significant uncertainty, which is increased due to various operating conditions. The introduction of additional check will only reduce the risk, but it will not eliminate the noticeable probability of the MI metrological defect. The discussed problem is especially urgent for computerized MIs, but it is not a specific one: experimental check of metrological reliability is necessary for traditional sensors as well, e.g. those with analogue output.
The modern technologies give grounds to set and solve a new metrological problem, which is only characteristic for computerized MIs: automatic measurement assurance of the MI at the stage of operation by organizing self-check of metrological serviceability.
Another metrological problem is connected with appearance of a new complex component in the MIs: software, which together with a microcontroller provides for acquisition, processing, storage and transfer of measurement data. The software affects the measurement uncertainty. The user can buy and install it independently. So, the measurement assurance of the development of the software for the MI should be also provided for, like it is carried out for the measurement assurance of the hardware included into the MI. Complete measurement assurance of the software development has its distinctive features and can only be accomplished if some scientific and methodological problems in the field of metrology are solved.
The Problem of Metrological Self-Check within the Process of the MI Operation
The solution of this problem makes it possible to improve the reliability of measurement results and save the operating costs. Self-check allows both identifying a metrological defect and informing the operator of the fact practically immediately or even a short time before the critical moment, which eliminates the usage of inadequate information.
Self-check enables us to form automatically, at least, a qualitative assessment of the measurement result uncertainty, and in some cases to perform self-correction. Self-check data storage makes it possible to calculate the rate of the growing measurement uncertainty trend and to forecast the remaining metrological life of the MI. Metrological self-check makes it possible to establish the fault tolerance of the MI, i.e. the ability to maintain operability and to take measurements if a metrological defect occurs, although with a larger measurement uncertainty.
In combination, the above opportunities enable us to improve the reliability of measurement results and to extend the CI significantly.
Taking into account the analogy between evolution of technology and biosphere being developed in evolutionary cybernetics, as well as the role of intelligence as a tool allowing for extension of life on the basis of self-check of an organism, it has been proposed to call the sensors and measuring systems with metrological self-check as intelligent instruments and systems [3] .
The work in the field of metrological self-check is carried out to develop both intelligent systems and intelligent sensors. The advantage of the former consists in using commercially available sensors. However, the sensors with metrological self-check are more promising, because they are more efficient for the consumer.
Metrological self-check is performed by using an accepted reference value, formed with the help of an additional (redundant) embedded element (measuring transducer or material measure) or of an additional parameter of an output signal. The accepted reference value is set when the MI is
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The metrological self-check can be realized in the form of metrological direct self-check or metrological diagnostic self-check (MDC).
Metrological direct self-check is performed by means of evaluating the deviation of a measured value from an accepted reference value formed by an embedded element (redundant measuring transducer or material measure) of a higher accuracy.
MDC is performed by evaluating the deviation of a parameter characterizing the critical uncertainty component from its accepted reference value. Critical uncertainty component is a dominant uncertainty component or component disposed to fast growth over specified limits.
The latter method is similar to the method of self-checking of the state of health for people and animals by means of an "error detector" in the brain structure [4] . In our opinion, this method is the most efficient in intelligent MIs, especially in sensors [3] .
Design of an intelligent MI presumes a new metrological procedure at the stage of development -complex metrological analysis of measurement uncertainty components [1] . Its purpose is to estimate the impact of the design features and the manufacturing technique of a MI (taking into account the expected external actions) on the probability of the uncertainty growth. The necessary information can be found in scientific and technical literature or obtained experimentally. The uncertainty components must be ranked by the degree of danger, and the critical components must be singled out.
When developing the MDC, the intelligent sensor or measuring system should have time, space and/or information redundancy in any combination. An example of space redundancy can be pairs of similar sensing elements (SEs) built into a single housing, e.g., dual diaphragms or thermocouples. This solution is efficient if the drift of the parameters of these SEs with a similar speed is hardly probable. The information redundancy assumes application of significantly different calibration functions formed by SE or the MI as a whole. An example is a sensor with a SE in the form of a flat coil performing functions of capacitance and inductance displacement transducers. As a rule, the most effective is the MDC, which is based on the combination of redundancies of various types.
The MDC advantage can be explained using the following comparison. The conventional practice of metrological assurance is based on the assumption that during the CI all the uncertainty components remain within the permissible limits. The presence of the MDC makes this assumption only for the least significant part selected after preliminary investigation, and the level of critical ones is controlled almost continuously.
It follows from above that the CI for the MI with the MDC can be extended significantly. The MDC effectiveness and the cost of the MI with the MDC depend, to a great extent, on the validity of the choice of reference parameters. To reduce the risk of unfair competition, it is necessary to develop and legalize the efficiency evaluation methods, which must be applied with certification of intelligent sensors and systems.
VNIIM has been developing intelligent MIs since 1980-ies; a little later the developments of such MIs were actively undertaken in the UK, Germany, the USA, and China. The first examples of intelligent MIs intended for measurement of displacement of the reactor control rod [5] , fuel flow [6] and others proved the effectiveness of this activity. The first normative documents in the field of intelligent MIs appeared, too. The bibliographical analysis demonstrates that starting approximately from 2003 the interest to this problem has been growing [3] . However, in the scientific and technical literature different terms for the same concepts are used, some of them being explained in a different way. The international vocabulary VIM-3 practically does not mention the terms specific for the computerized MIs. In this connection, an urgent task is to facilitate the experience exchange and information search that in the first place requires the regulation of terms.
The Problem of Validation of Algorithms and Programs
The metrological tasks become vital when the software is used for the purpose of: -processing measurement results, particularly in automatization of measurement procedures (MPs), in plotting calibration curves, etc.; -acquisition, storage and transfer of measurement data and the data used for the measurement process control and taking management decision on the basis of measurement information.
In 1999 the Arrangement on Mutual Recognition of the National Standards and of Calibration and Measurement Certificates issued by the National Metrology Institutes (NMIs) was signed. This document is based (among other things) on the quality management systems of the NMIs which pay growing attention to the software quality estimation and its influence on measurement accuracy results. The problem of estimating the software impact on the final result accuracy has been discussed by Russian metrologists for a long time. Different approaches for software validation were worked out for the software embedded (built-in) in measuring systems [7] and the universal software used in measurement data processing [8] .
Methodology for certification of algorithms proposed by VNIIM almost twenty years ago, still preserves its relevance for the software validation. Certification was understood as an investigation of algorithms properties using reference data. This investigation results in estimation of the prescribed characteristics of the algorithm. Among the methods of estimation one distinguishes analytical estimation, approximate calculations and statistical modeling.
The appearance of international documents for software validation [9, 10] setting general requirements to software used in metrology has generated a new discussion on the problem in Russia. In our opinion, the division of the software into built-in and universal ones remains useful relatively to the methods for confirmation of the requirements to software. The main requirements to software concern estimation of its functionality, first of all, its influence on the final result accuracy and its immunity to irregular and deliberate corruption of measurement data. The accuracy of the final result is determined, first of all, by the accuracy of reference data and correctness, in particular by the stability of the applied algorithm for measurement data processing [11] .
In the vast majority of cases it is not advisable to single out the uncertainty component due to software only. In our opinion, it would be correct to speak about checking the correspondence of the given software to the problem to be solved. Specifically, this correspondence means that software does not make a significant contribution to the total uncertainty of the result.
Nowadays, as a rule, the question about the software quality arises at the stage of its operation. At this stage the main method for testing software is the method of "black box". A large volume of testing is inevitable to confirm the software quality within the range variations of input data. To reduce the testing volume and increase the reliability of its results, it is recommended to work out alternative approaches to the software investigation.
One of them is consideration of software as a "grey box", which means the presence of detailed description of the algorithm for measurement data processing. In this case it is possible to perform analytical estimation of the algorithm characteristics and its complement with testing the program at several check points. Another, principally different approach is testing of software intended for operation in metrology at the stage of its development. This approach requires for working out the system of normative documents regulating the measurement assurance of the metrological software development. An important requirement for the software intended for estimation of measurement results is the one that concerns the estimation of measurement result uncertainty. Such software should include an uncertainty estimation subprogram realizing one of the standard methods for the expression of measurement uncertainty.
Thus, among the urgent tasks of certification (validation) of software applied in metrology one should single out the following: -Development of effective methods for software testing. In our opinion, at the stage of operation the checking methods are different for the built-in software and the independent universal one. The former is tested as a part of a measuring system, the tests being realized along with the examination of documents. The testing of the latter is advisable to realize using the "grey box" approach. It means, at the first step, the certification of the algorithm realized by the software and, at the second step, the application of the "black box" technique for the software resting in a limited number of check points (chosen on the basis of the results of the preliminary analysis and certification of the
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-Implementation of the measurement assurance for the development stage, setting common requirements to the process of software creation and the methods for controlling them.
Conclusion
Computerization of measuring instruments has led to necessity to resolve a number of new metrological tasks. The problems of development related to the following tasks became urgent: -experimental substantiation of long-term CIs; -automatic self-checking of the MI serviceability, self-correction, forecasting the residual life, as well as fault-tolerance; -measurement assurance of algorithms and programs. Taking into account the global nature of the today's economy, it seems to be necessary to extend the international cooperation and the exchange of experience in the field of theory and practice of developing solutions of the above tasks including the preparation of international normative documents.
